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Sin-'J-IMIY 


Tlio  p.oncral  objccLivo  of  this  program  v;as  to  cvaluaio  the 
m-uroclieniical  and  phyiiologic  effects  of  some  commonly  abused  drugs;, 
V.’e  have  co;.. plated  Llie  last  stage  of  development  on  the  chronic 
primate  r.udel  by  desigising  a ne’..'  Lctchnique  for  exiting  subcutaneous 
devices  or  catiietcrs.  'ihe  new  procedure  is  maintenance  iree  and 
has  a xero  ir.cidcnco  of  infection  in  three  animals,  '.vc  have  obtained 
EOii'.e  information  on  diurnal  variations  in  CSF  production  rate  and 
CSl’  level;-:  of  I'.liPC.  Like  n.any  other  investigators  u t i 1 i i iv',  rliesus 
i.'.onkcys  lor  biomedical  rese'arch  we  v.’erc  unable  to  obtain  ;uiy  large 
adult  nalo.s  during  the  first  two  quarters  of  this  year.  ilonkeys 
have  now  arrived  and  we  will  utilise  some  of  Lheiii  lor  drun  studies 
during  th.c  two  quartivs  of  the  current  year.  We  have  used  the 
absence  of  primates  as  an  opportunity  to  conu’ict  several  scries  of 
acute  cxp..:r  .'mants  on  cogs,  ano  have  developed  a nc.;  model  for  the 
study  of  CSl'  ncuroci'.er;.i  s try  and  drug  abuse.  lIic  bulk  of  Line  work 
discussed  in  this  report  derives  from  these  exper in.ents . 


In  the  dog  studies  we  found  that  d-ainphotamine  (3ir.',/kg')  produces 
a fwo  to  threefold  increase  in  Chi'  levels  of  tli-_  i.orc  pi  ii  .-piir  Lne 
metabolite  MillCI.  I,-a:-.phetamine  on  the  other  hand  Joes  not  significant.! 
elevate  the  CSF  MilPG  levels. 

Ccrehrfil  blood  flow  increased  threefold  with  d-antnlu  t amino  and 
only  sligh.Lly  with  th.e  l-isomer.  Arterial  pressure  dou.bicd  after 
d-aniphetamine  and  increased  20-30a  after  the  i -isomer  at  the  same 
dose . 

The  d-amphetanine  isomer  also  increased  CSF  production  rates 
and  decreased  the  Ci"  permeability  of  the  blood-brain  barrier. 
close  correlation  wa.s  observed  between  CSF  production  and  cerebral 
blood  flo'w  after  d-an.idietami  ac.  ’Jherc  was  an  increase  in  total 
metabolic  rate  after  tl-amphetnmine  but  not  alter  1-  at  dmg.fkg. 

The  effect  of  the  d-isoiier  on  cerebral  lilood  flow  was  shown  to 
be  due  to  the  direct  v.i.soact  ive  nature  of  d-amphetanine , and  CSF 
production  rate  increased  secondarily  to  increased  cerebral  blood 
flow. 


Initial  studlc-s  of  the  canine  |>cr i pliera  1 circulation  using  a 
right-heart  bypass  preparation  revealed  tliat  peripheral  r.opamine 
release  increases  cardiac  outpiit,  blood  pressure  and  moan  systemic 
pic's'.yrc  . 


in  condvic  t j nf;  the  ro-searcli  ciascribcil  in  Ihio  rcnorti,  Lin' 
j nvrr  t i j.)  Lorn  aJlinLcJ  Lo  Lhn  ''r.uida  fo'-  LabornLory  .•'.niral  I'aa  i li  Lies 
and  Car.:,"  as  jii'i  ed  Ly  the  Co:r.ir.i  Ltcc  un  ihc  Guidi.  for  laboratory 

Rc-sourcco,  K.iLio.ial  Acadcuiy  o£  Sciences,  National  I’.esearch  Council. 
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iiOHY  or  uu'Oirr 


J>PO!il.r'! 


Our  Lo  evaluate  the 
circulatory  response  t;o  certain 
imolvid  both  chronic  and  acute 
respect  j-vely. 


C’.'S  ncuroclic'.'iiicn  1 and  cardiovascular 
corimonly  abused  druf'S.  Tharie  studies 
exporiments  on  prisrites  and  dop^s, 


There  are  a nuniber  of  ino.tbodo  1 opica  1 difficulties  vdiich  arise  during 
repeated  sar.piinp,  of  CSI''  in  chronic  animals.  Foremost  ar.iong  the^ie  is 
the  siy,ni  f i cant  dead  space  in  ciost  systems,  compared  v.’itli  tie  voluiro.  of 
CSF  v/hich  car.  be  withdi’av.’n  discretely.  It  has  also  been  chsorved  that 
in-dwel  linp,  vt  ntricnilar  or  sub-arachnoid  cathc;tcrs  \;ill  fibrose  in  less 
than  tv;o  or  throe  v.’eeks  Lime  (oiv.maya , ])ersonal  communic;it  ion) , 

Ciearly,  drug  addiction  and  abuse  are  a function  of  several  vnriahlc.s 
related  to  the  hioclionical  nature  of  certain  coi.aponnds  .'md  the  nature  of 
Lite  toL.al  druu,  effect  on  th.c  pltyr.  i o logy  of  the  species  l-e.ing  studios. 

The  I'jsic  biological  cffect.s  of  a drug  .are  lay  to  uncters tanding  j)re f ereno.e , 
abuse  and  addiction.  In  tlie  initial  contract  pronos.a]  v.c  pl.-ninc'd  to  .study 
the  sequence  of  m-ur;:  1 -b  f ocheiiiica  1 events  as.soc  i a t o.d  v.'i  l1i  drug  adminis  Lra  t i o 

{'.amp!  Mig  C.'ir  •..'(■re  inadequate  and  v/erc  inc.aisIsLcuL  vri  l h r’ctiiods  for 
I iea."-ur ing  beliavioral  ;;ud  cardiovascular  e.ffects  simultaneously. 

l.'e  fell  that  if  relialile  .sanqiles  of  CSF  could  In-  obtained  remouly 
Iron  chronically  prepared  nonkeys  ii;al7itained  hi  an  isol.Med  env  i ronr..ent 
so  tl.nt  inti’rac Li ons  uith  tlie  experimenter  would  not  interfere  v.’itli  tlie 
normal  drag  e.ffects,  we  v;onld  be  in  <a  po.sition  to  dcterj-iLne  drug 
interaction  '.v'itii  .a  number  of  different  ncurotransniit  Li.r  systei.ns 
sinuiltaneoiusly  an.l  conduct  repeated  c.xpcri meats  on  the  .same  anim.al 
lo  better  cor.'.pare  the  different  effects.  Althoug,h  not  .specifically 
implicated  in  the  orinin.al  proposal,  we  have  incorporated  c.'U'dio- 
v.ascular  par  .■.meters  in  these  drug  studies  becavisc  of  tlieir  value 
in  relation:  bin  to  tlie  cctitral  norepine; ' rine  transmitter  systems 
controlling  blood  [u’essurc,  heart  rate  and  re.spi  ra  t ion . 'J'bcse 
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iiionsurcf.  liavo  provot!  in  cva]nntin;;  drug  action,  and  wu  wuuJd 

like  to  expand  on  these  and  conLinue  this  type  oi  i;:casurenu-nt  in  luture 
research  eCiorts. 

« 

rKPKkiih'irhM.  APrko,\cii 

Clironic  J'rimr. te  Stuciic;s: 

CSi’  (.'o1  lec  t i on  ■ A detailed  discussion  relating  to  the  surgical 
procedures  and  design  of  chronic'  devices  for  use  with  pri;.'ati:s  was  presented 
in  Report  02,  11  Sept  c:r, her , 1973,  and  will  not  !>i^  duplicated  lie.'..  ]n..ofar 
as  the  actual  collection  of  CPP,  we  have  si  ttled  on  a de..';i:’u  '..hieh  allo'..:. 
the  satsples  to  be  collected  i;acli  hour  and  r.nintained  ai 
'Iho  fraction  collector  (Gilson  rCGO-K)  is  r.ou.ited  on  the  rear  of  the 
prinale  'oooth  in  a I 1 insulated  box  with  transpai'eiit  lop  r.nd  i I'o.it 
sides  for  visually  cl'.ecking  the  sy.stei.i  operation.  ’jr.e  ;.ti,  pits  ..I'c 
centrifuged  3 min.  at  3,000  RK-i,  and  decanted  itito  s:.>a  1 1 s ti.r;.p-  vi;.  Is. 

At  present,  sanplcs  are  then  stored  in  tlic:  rei'rigei'..  t nr  due  t(.  sj).;<  . 
liiniln  t ions  in  the  liquid  nitrogiii  container.  V.'e  ii.-.vi-  also  exp-rl  .;iced 
a .sij'.n  L 1 i cant  sample  loss  froin  1,.\-  storage  durin  ; tli.-  :;.u.ple  l I'ni..  1 1.-  to 
dry  ice,  for  transport  to  WalLcer  Reed.  I’or  thir.  ri-iuioii  v.e  are  ri  ,i a ii.g 
an  ndccuate  rree/.er  in  the  renev.’.;  1 application.  Te:  ipe.'a  ttire  is  criL,<..il 
for  storage  of  parent  catechol.-imines , and  icing  term  rtu'.’!:;e  in  lanw!'..!. 

Often  tliei'c  is  several  'months  lapse  after  .sample  Cu  1 1 <.:c  L i i.n  hi.Ke'e  t'.ie 
assay  is  conducted. 

'Ihe  refri.geratici-a  system  for  I lie  fraction  collector  is  i.oui.l..d  c.n  the 
lo'..;cr  rear  portion  of  the  booth,  with  flcxrnle  cable.s  U.idin  . to  the 
ref  rigerati  on  coil  in  tiie  fraction  collector  liousing. 

3he  rt'f ri gera Led  fraction  collector  sit;,  on  a vertical  tr.ack  v.hicl;  can 
be  set  for  any  desired  height  v.'ith  respect  to  Llie  i,.oul'.ey.  ilie  tubiir 
lending  from  the  monk.eys  chronic  head  column  to  tlic  ni  ed  I e i.ioui\..cd  in  the 
collection  device  in  sterile  and  is  replaced  every  3-;^i  days  using  ae;.ei>tic 
techniques . 

Acute  Dog  Studies; 

*11 1 e U'l.inesthe  t i /ed  Prep-  r.a  t i on  . For  the  inter  iin  period  durin;  which 
primates  were  nc;t  avaiJat.lc,  \;e  h.ive  condueted  many  ol  the  experiments 
originaJly  designed  for  monkeys  on  clog.s  . In  order  to  have  t.iean  i i.g  Lu  I 
data  which  v;e  could  relate  to  the  primate  work,  it  v/.as  noce.i.sary  lor  us 
to  dcvel.'p  a preparation  in  whicli  gtncwal  ane.sthet  i c;.  were  net  u;ed. 

All  catheters  are  placed  percutaneous ly  and  tlu;  skii'i  is  first  infiltrated 
with  a long-acting  letcal  anesthetic. 


(i’on' oc.iinc) . The  jirncfclure  is  as  follov;s:  (.he  is  given  20  r.ig 

Svicciiiy]  choline  intravenously,  and  within  10  sec.  is  n;ot  i on  less . Ihe 
laryn>;  is  then  sprayed  with  a rapid,  local  anesthetic  (Ci'tacaine, 

Cetyl’ Le  Industries,  Inc.),  the  trachea  intubated  and  the  anir.al  ven- 
tilated artificially  with  a liarvard  re.spi  rator . The  entire  procedure 
takes  less  than  lit)  sec  and  the.  dog  is  ;it  no  t ii.ie  stibject  to  any  phys- 
ical discoinfort.  The  eyelids  are  raped  shut  to  prevent  visual  stim- 
ulation and  drying  of  the  corneal  rncr.ibrancs . Tlie  next  step  is  to 
record  a bipolar  IlCG  from  chest  electrodes.  Heart  rate  is  monitored 
from  the  KCG  at  present.  Heart  rate  and  blood  pressure  arc  the  pri- 
mary indices  of  stress  to  the  animal,  since  any  general  excitement 
or  periph.er.il  release  of  catecholamines  affects  these  two  parameters 
immediately  (Fig.  6.-T,B). 

Control  of  Respiration.  In  all  e.xper iments  involving  muscle  re- 
laxants,  t'ne  dog  is  ventilated  at  a fixed  volume  on  a Harvard  respir.ator. 
Knd-tidal  l'C02  is  continuously  monitored  with  a Heckman  i"-l  in:rared 
capnogrnph,  and  is  ma  int.a  i ned  at  5-6/1,  depending  on  the  blood-g.as 
rtadi  iv.ps  v.'i,ich  are  taken  pi?r  iodi  ca  1 ly  to  ensure  .'uL-quate  oxvgen.it  i on 
and  normal  arterial  PCOo  levels.  Blood  pH  is  maintained  at  7.3  - 7 . 
by  adjusting,  the  respiratory  rate.  A continuous  infusion  of  fucciuyi 
cliolin':  is  m.iintained  in  lactated  ringers  solution  through  a 16  ra . 
intracath  placed  in  the  antebrachial  vein  percutaneous ly . Tiie  in- 
fusion rate  for  Succiny Ich.olinc  is  0.96  n.g/rnin  at  a concentration 
of  C .8  i..g/ml  in  the  infusion  fluid, 

Blond  Pressure  Heasuroment . Catheters  are.  inserted  into  the 
fer..oral  artery  and  Luo  antebrachial  vein  percu tancous ly . The  skin  is 
lirst  de.'ulened  locally  with  Pontocainc  infiltration  (10  mg/ml).  In 
other  txperir.ents  to  be  described  later,  in  which  general  anesthesia 
v.-<;s  used,  a cut-down  was  made  on  the  -femoral  artery  and  vein  for  the 
placement  of  catheters. 

For  measurement  of  left-ventricular  pressure  or  righ.t  atrial 
pressure,  c..Llieters  were  advanced  from  the  femoral  region  vdii  le  looking 
for  characteristic.  v.Mvetorms.  Drug  infusions  v;cre  made  through  the 
16  ga  lutracatli  placed  in  the  antebrachial  vein. 

CSF  Collection.  The  skin  and  cpi-dural  region  are  infiltrated 
with  Poiitocaine  (..'inlhrop  Lab.),  and  a 10  ga  Intracath  (Deseret  I’harm.  ) 
is  placed  in  tlie  cistern;:  magna  through  the  a t lanto-occ  ip  i La  1 pcm- 
hrane.  Cnee  the  catheter  is  in  place,  tlie  end  is  lowered  some  4-10 
cm  :/ilh  respect  to  llie  cr.ini.il  midlinc  in  the  prone  position,  ui:d  the 
CSF  is  col  lectod  g r.i  vimet  r i c;i  1 1 y ;it  a constant  outflow  pressure. 

Thi.s  method  o)  CSF  collection  allows  us  to  estimate  the  CSF  pro- 
duction rate  volumetr ica  lly , and  tliis  figure  is  used  in  the  calculations 
relating,  the  drug  response  to  actual  CHS  output  of  ncurouransmit ter 
per-unit  Lime  (Fig.  3). 


Fxpor imenta 1 Protocol.  After  catlietcr  placement,  control  sam- 
ples of  CSF  arc  collected  for  2 hours  pre-drug,  ;ind  up  to  4 hours  post- 
drug. All  physiologic  parameters  arc  recorded  continuously  on  a Brusli 
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b-chan;ii-*l  r c curJcr  fen"  .subsoqiu  nL  8aLa  ruductior.  by  hnr.d . 8horL 
r(;pruycnl.'’.  Live  !jocLions  of  oxpcriirenCs  arc  recorded  oa  I'M  r.ajrieLic 
tape  for  |)criaunenL  rcccirds,  I'.ov.'cvcr  we  are  only  able  Lo  record  6 
c'nanaeli;  of  dr.La  on  tape. 


Hourly  blood  sai;pjL:;  arc  taken  and  Llic  plasma  frozen  and  sLoin-d 
for  future  analyses.  CSI'  is  taken  in  balf-'nour  samples,  centrifuged 
1 nin  at  12,000  rpLi,  and  frozen  and  stored  in  acid-v;aslied  vials. 

blood  hei'.iatocr  i L is  chcckei.1  '..Ith  every  blood  sani])le,  and  fluids 
adrainisteiV  d L.V.  lo  ir.aintain  the  control  level.  'tlie  infusion  rate  for 
sued  ny]  choline  (rcup.hly  2 m.g/kg/hr)  was  deternined  cr.rpi  r lea  1 ly  as  the 
level  v.-hieh  v.'as  just  .sufficient  t:o  prevent  recovery  oi'  ir.otor  control 
durinp,  liu;  e::per  iman  t . It  is  niet.aboli.'-'.ed  by  a non-spcci.f  ic  plasi:;a 
pseudocholi ne  esterase . 

Ksl  i i..at  i on  o_f  Mefa'.-.ol  ic  lU_ty_.  By  nr  til  really  ventilating  the 
clog  at  a lined  rate,  .any  variations  in  end-tidal  PC0-.  vdiich  reliect 
steady-state  chinngcs  serve  as  qualitative  and  quanti.ra L i.ve  indices 
of  changes  in  ?-.eCabolic  rate.  As  will  be  discussed  later,  v.-e  iaive 
observed  that  d -nr'plic  tar.ii  nc  does  increase  the  metabolic  rate,  and 
this  r.ay  be  somcliow  reflated  to  its  erfects  on  ccrck.ral  hloc.d  flo.,’ 
and  esf  secretion  rates  (Fig.  13). 


m 
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Acute  hof;  Studies  usJim>  General  Ani^s  tl'os  i a : 

The  Ceroliral  ISlood-Flow  Preparation.  Our  orip.inal  intent  wa.‘:  to 
relate  the  drug  cflccts  to  cerebral  blood  flow  in  Llie  i.ionkeys  ; .and 
v.'c  felt  that  this  infonnatlon  v.snc  ecpially  important  in  the  dog,  studies 
which  were  designed  to  coi.ipler.u:nt  the  primate  work.  A .siightiy 
different  technique  must  be  used  in  the-  dog  however,  since  the;  intra- 
cranial circulation  has  a large  number  of  anastomoses  with  tiie  extra- 
cranial vascular  bed.  This  precludes  Gi:r.pic  placement  of  a flow  probe 
on  the  internal  carotid,  as  can  be  done  in  primates.  Instead,  a prep- 
aration referred  to  as  a ' torcular-vcnous  slur.vt'  is  used  in  the  dog. 

'llie  ])foccdure  is  fairly  siinnle,  and  involves  isolating  thc'  vimous  out- 
flo'./  from  the  cerebral  vascular  bed,  and  passing  Lliis  outflow  tiaoug.li 
an  extraeorjjorea  1 1 J cv;  probe.  Jllood  is  then  returned  to  the  circula- 
tion by  an  cr.iernal  pur.ip  wnose  .spev-d  is  reg.uiutec  by  the  rate  of  blood 
flov/  (lig,.  12^.  llie  iiiethod  was  originally  dcvii'cd  i>y  Itapela  and  Creon 
(I'K/i),  a.id  V.’C  thanl;  P,.  'I'rays tii  ai  of  this  cUgiar tincnt  tor  his  assist.ince 
in  these  studies.  Ha  pentobarbital  (35  mg/kg)  was  used  as  thc  anesthetic 
tSj'cnt  in  tlie  brain  blood  flow  studies.  Although  we  do  not  know  the 
extent  Lo  wliic'i  pentoliarbi  tal  interacts  with  amphetami  n..-.! , this  v.'ill 
be  Llio  topic  of  future  exper  iment.s . Tlie  |ircnaraliun  is  jtenerally  v('ry 
responsive  Lo  drugs,  ;uid  wc  suspect  that  anesthesia  is  not  critical. 


1 


I 
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The  Vent,  tr ! cMiIo-C  i st'a'na  1 Vorl  ur,i.or..  '-.'e.  have;  undertaken  per- 
tusionj  01  L!u;  ve.-.D;  i cu  ]ar  ay:  ten  l.'or  tv/o  reasons:  first,  a ] Llioupji 
Llie  VO  1 ui;  !.■  t r i c I'.iethod  of  e:;ti!r,aL  ini;  CSF  production  rates  is  approx- 
jiintc'iy  correct,  there  are  otlic.:r  factors  such  as  blood  jiressnre.  and 
cerebral  intracranial  venous  ccnipliance  which  can  affect  the  anount 
, of  Chi'  le.-.vin;.',  the  syste:.i  at  a constant  outflow  pressure;  second  ly, 
this  preparation  is  m;eessary  in  order  to  accurately  measure  the 
transfer  of  substances  £ro;.i  CST  to  blood,  or  vice-versa,  i.e.,  the 
]>crmeab i li  ty  of  the  hlcod-CSF  barrier.  The  main  reason  for  attcm.pt- 
ing  tliose  permeability  studies  i .s  that  we  are  interested  in  the  ex- 
tent to  which  cirug  etfectr.  are  direct  actions  on  neurons  or  other 
secondary  actions  on.  permeability,  oxygenation,  etc,  (Liie  type  of 
thing.-:  wiiich  clearly  c.’.n  affect  neuronal  excitability  and  cerebral 
function  tliroug,!!  indiii-CL  ways).  if  v;e  arc  to  underst.ind  the  drug, 
response,  we  must  he  a:>lc  to  rule  out  the.se  secondary  physiologic 
changes  or  else  be  able  to  incorporate  them  som.ehow  into  the  drug 
action.  rto:ri  a more  practical  .. t.indpo i nt , we  iiave  already  indicated 
that  the  CSF  production  rate  is  very  important  in  the  interpretation 
of  a drug  effect,  since  the  pharmacologist  can  only  tell  ns  the  con- 
contraticii  of  a sulistance  in  the  C.SF  per  unit  volume  - and  no  tutter 
v;hat  Lite  drug  effect  is,  it  can  be  negated,  reversed  or  accentuateil 
by  the  simple  expedient  of  changing  the  rate,  iit  which  the  CSF  is 
being  produced  and  leaving  the  systci.i. 

'j'hc  blood-brain  barrier  permeability  is  also  important  for 
other  reasons:  For  obvious  reasons  the  concentration  of  substances 

in  the  neuron.-. 1 extracellular  fluid  (and  substaiucnL  !}■  CSi-')  is  rig,idly 
controlled.  Many  catecholamines  are  present  in  blood  plas::.;i  at  ItveLs 
far  in  (-..xccss  of  the;  CSF  levels,  and  the  ability  of  th.c  blood-brain 
barrier  to  exclude  these  compounds  nay  well  cha;ige  after  tlie  adm.ini- 
Etration  of  drugs  whicli  have  pronovmced  peripiieral  effects  on  the 
ci  rculaticrn.  It  is  also  clear  tliat  if  tlie  dependent  variable  in  a 
study  i.s  the  CSF  level  of  a substance  (HiiPC,  Cor  example)  then  we 
must  he  able  to  estahli.sh  to  what  extent  changes  in  C.SF  levels  are 
due  to  parenchyi.iii  sou/'ces  and  to  -what  extent  these  cliang.es  may  be 
due  to  similar  compounds  leaking  into  the  CSF  from  tlie  b.lood.  The 
experiments  v;e  plan  to  conduct  with  th.e  ventr i cu lo-c is Lerna  1 perfusion 
teciinique  in  the  future  will  be  designed  to  answer  these  iinjiortant 
.'J  (juc.stions. 

In  tlie  perfusion  exjicr iments , we  have  used  anosthoti:’.ed  animals 
(Ma  pentobarbital,  3b  iiig/kg  i-iriining  and  10  mg, /kg/hr  sus  La  i ni  ng) . An 
ouLflo'w  catl.eler  is  first  inserted  into  the  ci  stt'rna-n'.ae.na , as  des- 
cribed under  "CSI"  Collection"  j-irev  ious  ly . Fol  lo-..-ir.g,  thi.s,  a small 
lu)le  is  drilled  in  the  .skull  approx.  6 irun  from  the  midiiue,  perpen- 
dicular to  the  plane  of  tlic  top  of  the  r.iid-sagittal  crest,  and  midvaay 
j betweeu  the  lateral  canthus  of  the  eye  and  tin-  external  occipital  pro- 

tuberance. A 16  !’,a  needle  v;i  th  a fluid-filled  lenj-.th  of  tuln.ig  at- 
tached is  tluTi  .stereotaxica  lly  lowered  into  tliC  brain  vertically  un- 
til the  ventricle  is  penetrated  and  fluid  enters  th.e  ventricle  due  to 
the  hydrostatic  pressure  of  th'*  fluid  column  (approx.  15  u.n  from  the 
dura) . 
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'llic;  vonli'iculnr  .sy-';t.e:n  is 
c(|ii  I ] i hi:;i  L c-c'i  '..’iLli  5 Cu^.  'ilio 
iollov.’s  : 

llaOl 

i;ci 

rO', -ii,-  o 

Nal'.CO^ 

CaCii: 

Ma.SO/j-yiLO 
Ut;oa 
(.  lucoso 


then  perfused  v;it.h  arLificial  Cfd’ 
cor;pcsi  Lion  of  Liiis  fluid  is  as 


1^,/i 

0.22  g/1 

O.OtO  ;;/l 
2.2  u/l 
0.2  p,/l 

0.1  !',/l 
0.4  zH 
0.65  u/1 


'liiis  r.ii.MLure  is  nearly  identical  to  uornial  dep,  (and  nmni^ey) 

Cnr.  Tile  .•.oli'iion  is  a'ju'.'<.-.lavv'-.<l  jirier  to  she  addii.icei  of  Urtia  and 
Glucose,  and  Lliea  filLcrec!  Liiroiiyh  ;i  0.22.  r.icron  iniilipjoro  filter 
prior  to  f reel-',  i nr,  and  .'•turnip:  in  .sterile,  acid-clean  [jl.is.s  contaiu- 
c:rs.  Kach  l>otLJc  is  alr-o  cultured  prior  to  freeiii:;',  and  storapp  . 
ideally,  the  r.olution  should  be  adju.stcJ  to  the  osr.olar  i ty  of  e.ach 
dops  CSi'  before  c ;ich  eiijiei  it.unt. , but  v.e  do  not  have  access  to  an 
osnor.'.etcr  at  pri.-sent.  Tu.:  urea  is  u.sed  to  reipilato  o.- a:olar  ity . 

'file  outilo-.-.’  caliieter  from  tl:e  cisterna  i:-m;;;n'T  Ic.sd;;  to  a Gi  Icon 
fraction  collector  (FCSO-E),  v.’hich  clianpes  the  .sar.ple  every  5 n.in. 

'Ihe  f io’.v'  rate  through  the  system  is  -varied  bet-^.’c.i  n 50-500  micro- 
liters  !)cr-!iin.  At  the  corclusiC' i of  eacli  er.p-u' i i ._nt  , Tryp.m  blue 
dye  if.  added  to  t lie  perfusion  fluici,  and  the  p.,.riusion  euntir.ueJ  for 
an  additional  15  min.  At  tills  time  tlie  dog  is  turminated,  ami  tlie 

i.  V V i.  i.  j.  j nik.-  X.  A uo  i , I .Lhiviti  L J Uu  i4i»a 

placen.enl-.  Viie  .areas  in  ccintact  with  the  pcrfu.sion  fluid  are  stained 
by  the  dye,  whereas  otr.er  areas  rerrain  colorless  (i'ig.  14). 

ViiC  dogs  arc  artificially  ventiiated  to  i,...int.ain  the  blo-vj  p2 
and  !’C02  vritiiin  normal  limits.  Periodic  blood  samples  are  taken  for 
cslirr.ation  of  P0-.  and  /^saturation. 


Galculiti  on  of  CSi'  .5ecrc:tion  Rate. 


llie  dilution  of  a lalieled,  non-di  ffusible  indicator  is  used  to 
estimate  tlie  Cbr'  production  rate.  Per  this  pui'poso,  v.'e  add  ^-‘G-lnulin 
to  the  pt.iT -js.'' Lc . .Sample.',  of  the  ir.iflo.v  and  outflow  CSi'  are  taken  .'.iid 
prepared  for  litp'id  :-.c  I u t i i 1 ti  on  counting,  usiny  a Packard  iri-Carb 
counter.  In  ih':  aii.'n  ncu  uJ  rmy  CSF  p..‘cJ.uc t i on,  ti  e out  flew  ladio- 
aelivity  (Cq)  should  ecpal  the  inf  Lowing  radioactivity  (tij),  since 
tlic  inulin  molecule  is  too  large  to  enter  the  Mood  oi’  leave  Llu:  CSF 
coiiip.u.'ti.ient . Sony  moveirent  into  the  tissue  usually  Lak<  s place,  Init 
tliis  is  usually  at  a i.tt.idy  .state,  or  complete,  liy  25  min  after  the 
bt-g.inning  of  piwf  us  i on . With  the  production  of  C.aF,  tlie  innliii  is 
essentially  diluted  as  it  jias.se.s  throu'.li  the  sy.steii,  ainl  the  exteiit 
of  this  dilution  lictenaines  the  CSF  production  rate.  Thu  inflow  rate 
i.s  controlled  hy  an  iiifu.'.ioii  pump,  and  is  measured  in  ;il/iiin.  The 
system  imw  t obey  the  laws  of  mass  action,  therefore  the  flow  in  inul- 
tiiilicd  hy  the  count.s  ni  must  equal  the  tot.il  flow  oia,  times  counts  oii£. 
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Tiic  ro  ] a 1:  ions'll  i p is  ixprnssiJ  nia  Llicmat;  i ca  1 iy  as  follows: 

Qin^^i)  ~ Qoul(^'o) 

wiierc:  Qj,-^  = flow  in 
QouC= 


Ilov.’evor , the  tciin  for  flov>  out  (Qp^j-)  is  in  reality  coinnosetl 
of  two  Lci'i.vj  - the  flow  in,  plus  the  flow  duo  to  CSF  production, 
liiis  means  tliat  Qout  ~ Qin  "i"  Qcsf  » (i-)  bect’iiies : 

Qin^C^)  = Cp(  Qin  + Qcsf  ) (2) 

and  upon  solving  for  CSF  production,  we  get: 

Qcsf  = — i-  (Qin)  (3) 


V.'fc  find  that  this  figure  for  CSF  production  rate  nprecs  very 
closely  with  that  given  volumotrically  on  t'.ie  same  sample,  in  tl.e 
steady  state.  The  dilution  mcth.od  is  less  subject  to  error  from 
transient  changes  in  blood  pressure,  w’nicii  may  tend  to  ch.auge  the 
volui.e  of  idio  ventricuiar  system  'neing  perfused.  This  is  because 
the  production  is  based  on  the  radioactivity  per/inl  of  CSF  on  Llic 
outflow,  and  a sudden  cliauge  in  venCricuLa::  volume  would  not  chan 

, » ...  4 • f ^ . r . } 1 . * 1 1 ^ 1 .♦ 

tiiC  v..Oiic-Uil'.-i.uu  i.u  u ' *ii  j L Cl  It-'  XU  i>c;  J 1 ilm  i — u t i.  i.  u 1 1./  cc-  i u>-i  i s..  u c iv 


1.  C »v  u 


Id 


only  change  the  total  volume  collected  for  tliat  time  period.  both 
methods  Would  Ijc  in  error  during  transient  chan';’,es  however,  if  th.o 
CSF  voluiiie  added  originated  from  the  subaraciinoi d compar trent  which 
\.’as  not  being  perfu.scd.  'ibis  error  would  onl>’  affect  transient 
changes,  and  the  steady-state  measurements  in  ei  tlier  instance  w'ould 
he  valid. 


Perr.ieahi  1 Ity  o.'~  the  Blood-Brain  harrier.  The  ventriculo- 
cisternal  perfusion  system  is  ideally  suited  for  permeability  meas- 
urements. in  order  to  estimate  the  pormealiil i ty  it  is  necessary  to 
have  some  measure  of  CSJ'  production,  or  dilution,  in  addition  to 
comparin'’,  the  net  gain  or  loss  of  the  substance  of  interest  in  tlie 
perfusion  fluid.  i’ermeah  i 1 i ty  is  defined  here  as  the  simple  ratio 
of  flux  divided  by  the  mean  concentration  gradient  in  tlie  ventricular 
sys  tei.i. 

In  order  to  calculate  the  flux  of  the  molecular  sj.ecii’S  he  i np, 
transiiorted  into  the  blood  by  ditfiisioii  across  the  tacml'i'aneS  compri- 
sing the  blot’d-braiu  harrier,  v;e  must  assume  th.it  in  tlu'  absence  of 
any  transport,  i.e.,  xero  permeabi  li  ty , the  co:.. pound  ol  iiitere.st  would 
he  dilutei.1  to  the  sane  extent  as  the  non-di  f fu;;  i b 1 e indicator  (iiiulin). 
This  means  that  the  fractional  recovery  for  inulin  should  be  the  same 
as  tliat  for  cliloride  in  the  absence  of  chloride  transfi.:r  to  blood. 


for  ^'^C-I  mil  in : 


= "A 


(F) 


If  we.  add  labeled  chloride  to  the  [lerfuslon  fluid  (^^Cl“),  we 
can  tlicn  jiredict  tlu;  theoretical  recovery  of  chloride  in  the  outflow 
fluid  -ha  i oil  1 1.0  inulin  d i 1 ii  t i on  - ' ' ■ 1 1 v;o  . 1 d uxi  • ' h no  ' '■.■■u.s  f cr  , 
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imi  1 * n 


n r 1 r 


) = l'rc;ch'cLv.id 


■^Cl 


( r 1 — 


'lie  d i i'j'i.  !'i  :n-i;  hi' lAv.  ;cn  'ilie  predicLed  cli]  Of  i tie  conceiiLf.-i  L i on  in  Lhe 
ouLilo..’  find  Llie  f.i-iiial  .■as\;rid  f oncent.  fat  Lon  ol"  chloi'ide  in  Llie  ouL- 
i t ov.'  is  onnal  to  Li.c  air.oun.t  oi  cliloridi!  loyC  to  the  oysLeai,  i.e.,  flu::. 


Tor  c:acli  sa:.:pli. 
cra;;,o  o;  actual 


this  r.i'isufe  of  riu;-:  is  divided  bv  the  r.ui.'ior  i cr.  1 


*'cliiof  j dc 


nd  cut  concentr;iLlons  to  obtain  the  periiiaah  i li  Ly : 
= - ^'c.)Qr 

Cj-;  tio 


c - a , 7 / 


(^) 


v.hcro ; 


]•■  --  fi’actiena]  recovery  for  inulin 
Cj=  inf  It'.'.’  counts  for  c’nloride 
Cq=-  outflo..  count:;  for  chlofiiic 

1’  - cliloi.  ide  pi-riiieab ; 1 ' 'y, 

<l  y = 1 'n\  I t 1.  iU 


.Sl..ndard  double  laliel  couf.iia.’,  techniques  are  used  for  the  two 
labeled  coripcund;' . 'liiis  sar.'  [>roced'..'re  i.’ould  Le  used  to  sti;dy  the 
porir.er.bi  li  ty  of  any  ccuiiiound  of  interest. 


Per iphiCu  1 Circula.tory  Studie.s: 

Ki  ■ .11 1 -Hear  t hyu.'.s.s  P-rcjiar-r.  tion.  V.'c  have  ohscrvid  tliat  so;tic‘.  di,-u7:s 
:;uch  as  tin:-  a-nplnn;;'; . i nes  ortin  liave  nrofo'und  c.  ircu  J.a  tury  efiect::.  What 
\;e  do  not  know  i.s  '..'het’ner  thest'  effects  are  nediated  by  a CiiS  refle;:, 
in  v.’h’cdi  case  \-'C  would  iiave  a better  idea  of  brain  nuclei  involvctl;  or 
wliether  the  effects  are  enl:Jrcly  peri  [fr.ura  1 in  nature,  n suitin',  troai 
direct.  t ii.tala  1 1 on  of  tiie  varculature  or  the  release  oj  ca  ; I'cho  1 ai  n r.e.s 
jier  1 phea  1 ly  . It  I.s  Ir.ipor  taut  , .and  apiiropriale  to  examine  tliese  i-t  feels 
in  j;reater  detail.  Studies  of  ehis  tyjie  cannot  bi-  dene  on  chronic  ani- 
pais,  '-u.d  the  pri.ncip-al  invest!  ;ya  tor  lias  h.ad  ccnsideralile  e.'-iier  i ence  in 
acute  studies  on  dou,s  cif  the  type  to  be  described.  AU.liouf;li  v.’e  iiave  not 
previou.iiy  asked  for  fundin',  for  di.^  studies,  we  now  feel  tl.at  their  in- 
corporeuLon  i.s  t-.ssential  to  the  proposed  v.'orl;. 

i'l.C'se  studies  have  basically  two  aims;  Hirst,  to  sep.irat.e  the  peri- 
plieral  .and  central  circulatory  effects;  secondly,  to  identify  .siiecific 
neural  transaii  t ters  involved  in  the  iier  i [jhera  1 I'espoiise  by  tiie  i:.;e  of 
approp’’ i a e b 1 ccI;  i n;;  dru;',.s  and  possilil.y  pla.siii.a  as.'’ays  for  c.u'echols. 
Since  il  lias  l.e<  n .sliO'.'/ii  liy  othi'f  invest  i",ators  Lliat  Llic  CiSi'  ii'vels  of 
catecliolaiiii  iic-S  are  rel.-ited  to  I lie  plasmi  levels,  .'Uicl  Lurther  that  the 
plasiivi  lerels  are  severalfold  Iilqiier  than  Lliose  in  Chi',  we  feel  that 
these  c ircui.iLcry/biochc'.aiica]  studios  in  conjunction  with  llie  pi'innea- 
biiity  .■'tudies  de.acrilied  aliove  will  provide  useful  m,..'  intor'..;a  t ion  on 
Llie  r<  1 a t i onsii  iiis  between  ctait.ral  and  peripheral  drug  effects. 
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In  t.lu'  b'.piiSS  jireparn  t j oa , righL  nLrial  jirassiire  is  kapL  constar.L 
al  at-ro  by  ajjustinp,  t!.c'  liaight  o£  a starling  resistor  (Fi.-.  16)  ii;  liic- 
oxt  i-acorjiorea  I circuit.  Utiliainp,  this  systcan,  the  Mc-chai'.  i ca  1 p"t',> 
will  uirect  lOOh  of  the  Viaous  ixaurn  (or  cardiac  cutpiut;  into  th_-  pal- 
monari’  ariery,  am!  tiiereb;’  clirnaatc  any  cM'fc'Cts  or.  flow  \.diich  he 

due  to  the  pumping  ability  of  th.e  rig’.it  heart. 

iioalthy  i.'.oa^’.rel  dogs  v;ei ',hi  r.f;  approximately  20  kg  v.’e-re  prepared 
for  ftvirgery  '.vith  ;.'a  p.,;ntc!)arb i ta  1 35  ng/kg  priming,  and  5 r-.  ■,/ l'g/!ir 
Eustaiuin;,.  Animals  were  ventilated  v.-i  th  a liarvarj  respirator  and  t'ne 
chest  openeci  by  i.a'dlinc  incision  r.nd  Lhoracotemy . I'cp'.ri'a  sodi'.^n 
was  used  as  the  anti  coa /nlant  at  5 r.;g/k /,  follov.'ed  by  ]0  m.g/iir , iilood 
])ressure  was  :.inni  toreJ  by  catiictcrs  in  the  femoral  artery,  pulmonary 
artery  and  right  atrium.  Periodic  sr.'.'.plcs  v.’cre  taken  ior  blood-.',.:.'; 
nnaly.sls.  V.alnes  tor  t.ean  systemic  pressure  (ll.SP)  were  obtained  oy 
stoppir.g  the  hyp.-iss  ;v,inp  and  allc/.-.'ing  the  pressures  between  venous 
and  arteri.tl  circulations  to  ertualine.  llie  Ikhi’  is  deterw.ir.ed  only 
by  the  blood  volume  and  the  u i ^ tens  ibi  ] i ty  of  tk.e  vascuK.r  tree  as  a 
wliole.  The  stop-f  Ir.-.v  values  for  MSi’  Were  obtained  v/ithi.i  7-10  sec 
during,  w'nich  time  Pressure  in  the  rig'nt  atrium  -pLit  eauad . Venous 
return  v;a.s  r.'.L.asureJ  between  the  ii.-ecliani  ca  1 pump  and  L'..e  ricl.t  atriu-. 
by  a Carol)  n.'i  r.odical  flowmeter,  linear  over  the  r.;n:-.e  O-'i  1/miu.  Cal- 
ibrations were  obtainod  at  tk.e  eiid  of  the  experiment  usin.g  blood  fror; 
the  dog.  In  order  to  avoid  large  changes  in  hcm:itocrit  of  ti.e  dog 
as  co.rr)lete  bypass  v.’as  effected,  sufficieat  IjIcoJ  was  r<  : .ved  froc;  . 
donar  aninal  prior  to  e.'ch  exper ; ;vent  to  fill  t'nc  prmp  circuitry. 

t.'o  h.avc!  co:..plc;ti;d  three  of  tk.ese  experiments  to  d.'.te.  In  all 
of  these  exper ir.:ont.s  we  ii.fnscii  dopam.ine  liC  1 (Intropin).  0.1  m.g/k  /min 
intravenoi'.s ly . Comi’lete  sets  of  control  measiiremcnts  '..’e.'c  '.'uide  pri:;- 
to  the;  drug  infusion. 
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AcuLc  Do;’  SLi:dios: 

1 ri  t r».'d''C  • I ~v  Note-.  Many  more  sLudios  hav.;  bci.'U  cend..cli.l  tbnn  '..’ill 

be  reported  or.  ^.C  l h i .s  Li:..'..  One.  ri.n.'son  for  ihir  io  that.  Ve  do  not  y<  t 

h. Tvc'  all  Liic  biociicmic.il  .analyL  i.ea  1 reaulLO  lor  the  renajiiin;.’,  oxperi- 

I'.ient.;;,  v.'iil  I'CenenC  tiiC;  reiaainder  oL  the  dat.a  In  Lite  fiii..l  report. 

A li.stinr,  of  experiments  ccmplcLeci  appears  in  ti.e  section  oi 

this  report. 

i'f  iects  of d-  \:— liiet'.rui  ne  . In  the  unnne.s  t;’ne  t i r.ed  dop  prep, arm  t i on 

discr'..ctd  ;-'r<;v  i oe.t  iy  , \.c  !...vc  Jmini  s t^red  Llie  d- i .--Gr....-r  at  ,'f  i.v. 

In  r.'.ny  v.mys  the  result.s  or  liieoe  experiments  are  similar  to  lu'iitate 
er.pir  imrnts  in  wliicii  the  uosap,e  \.ms  only  1,5  i’ipure  i.  depicts 

the  ci’.an.'.cs  i.i  C;i!’  prednetion  , estimated  gravi  r.etr  i ca  1 I y , lor  Lhrei' 

typical  experiments:  one  r'i  tii  d -ampiieta'.nino , care  wit'a  i -amplietatr.  Ine , and 
one  control.  In  all  i n.s  ta.ices  , tlie.  d-i.sor.:cr  rer.nlLcd  in  con.s  i ucrab  ly 
p.reatcr  i ncrea.ses  in  CSi'  recretion  rates  th.an  the  1- i .'.omer . 

blood  pro.  sure  eli'ects  of  the  d-r.mpheLa;.ii  nc  L 3 mj/h:;,  a level 
v.iiich  is  Itnov.n  to  produce  stereotypy  in  dogs,  v.'c:re  nearly  Identical  to 
obserr  ed  ch  iny.c.s  in  C5i’  i>roducticn  rat  es  (Fig.  il ) . 

i'rel  iininary  nnalysi.s  results  indicate  tiint  d-a:..photai,.iue  at  3 r.i;;/kg 
prc'dnces  n thri;e  to  fourfold  increase  In  the  CSF  levels  o;  the  norepi- 
neihrine  metabolite  Mi'.i’o  (Fis.  3),  when  correctc.d  to  equal  out. put  of 
Mjl  I'r./ nni  t t.r.e.  ih.is  lip.ure  noint.s  up  the  value  oi.  h.'.vin;,  l.iie  sir.i..l- 
taneous  estimate  of  flSF  p!'oduction  in  the  interpreta  ti  c>n  of  the  re.sults. 

A sum;.’ iry  of  the  results  £ro;r.  three  experim.tnts  are  prerented  in 
Fig.  7.  'ilie  increases  in  I'.iil'd  in  these  e.\|)er irr.ctits  v.vre  renter  than 
any  changes  oh.served  in  other  met.abolites  in  tlic  ciironic  primate  ex- 
periment.; din'in:  the  previous  contract  period. 

V.'e  did  observe  r.iny  s i ini  lar  i t its  with  the  primate  wor!;  ho'..evcr, 
and  you  will  note  in  iig.  7A,b  that  the  pres.sor  and  heart  r.tee  effects 
of  the  il-i  riomer  are  accompanied  by  cardi.ac  arrythmias  ond  Fv'C: ' s . 'ihc 
measurement  of  .in  FCd  lias  been  a valuable  addition  because,  it  'as  en- 
abled us  to  cle.-.rly  tii  ;.t  Lneuish  iictwi-en  tlic  peripheral  etlect"  of  the 
d-  and  l-ari;d.et;:m.ine  isoi.icrs.  A det.ailed  exanijilt:  of  the  ability  of 
d-a;,-.pliec.'i:'iine  to  produce  c.irdiac  arytlimia  is  shown  in  I'i;.;.  4b,  Compare 
Ki}’.  4 v.-ith  li,..  5,  which,  is  che  1-isomer,  and  note  tlie  near  absence  of 

i. iyot..rd  i I irril.’tinn  at  (be  .‘sime  dosage  level  wit.h  1 -amnlie  t :imi  ne  . Also 
note  till!  di.iini.sheJ  pi'essor  eflects  \/jth  the  l-i.somor.  in  som.c  of  tlie 
exper  ir.ieiit.s , liie  l-i.-.oi.ier  did  elevate  blood  pressure  more  than  in  the 
example  p,ive:i;  and  we  suspect  that  tiiere  are  .some  uuknctai  factors  in- 
volved in  tl.c  response  of  an  individual  animal  to  the  various  isomers. 


I'f  f t s f»r  1 -■■Srplu-t  nni ne . In  peneral  w.e  noticed  th.at  this  isomer 
at  3 m<;/k>’  i::iifbiti;J  some  qu.ilitative  similarities  to  the  tl-isomer,  but  \,'as 
nmeh  less  efleclive  in  every  sini;le  exi>er  ir..ent  wi  tli  ti.i:  unanes  tliet  i red  dogs. 
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DIlTcrcriLia  1 effect  s of  cl-  and  l-air.plieta;:rine  (3a’5/kf',  i .v.  ) 
cn  CSr  I'roducttion  races  in  unanesLheLized  do^s.  CSF  v.as 
collccCc'd  f,ravin’.ct:r  leal  !;/■  (at  a prcssv.re  of  -4  cn  li-O) 
v/iLh  the  doj  in  the  prone  position  on  its  sie’e.  The 
data  are  plotted  as  mean  values  for  each  hour  collection 
interval.  llie  initial  high  values  at  T = 30  nin.  , i.e., 
the  mean  for  tlie  first  hour,  is  due  to  some  initial 
drainage  of  CSf  after  the  system  is  opened  and  approaches 
a hydrostatic  ecnii  librium.  In  a stable  anittal,  liic  CSF 
secret  ion  rate  is  nearly  ir.variant,  and  is  in  agreement 
v/ith  production  rates  in  the  literature  obtained  by 
diftcu'ent  measurement  tcchivciues.  The  chan  c after 
i-ai’phctamiue , although  iiinimnl  in  dog  d-2912,  v;as 
cleai'ly  proportional  to  variations  in  blood  pressure, 
and  presumably  cerebral  blood  flow. 
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SycLolic  blood  pressure  changes  induced  by  d-  and 
I -^uiipncLan-,  I lie  (or.ig/icg,  :.v.>  in  unnnestheCi  I'.cd  dogs. 
Values  are  plotted  at  10  ninutc  intervals  for  Llie  sair.o 
three  dogs  sho\;n  in  Fig.ure  1.  Kotc  the  close  relation- 
sliip  butv.’een  ai'terial  pre.ssure  and  CSF  prccluctjon  rates. 
Also  note  tlic  chicreased  niessure  response  after  l he 
l-iso;ner  at  the.  same  dosage  level  as  d-anph,et;u.’.ine. 
Diastolic  pressure  changes  (not  shov;n)  were  similar  to 
the  systolic  changes,  with  some  increase  in  sy.stolic 
pulse  height  after  the  drug. 


/- 


Fi^',virc  3.  CSi'  Icveir,  of  .'’.iil’C  nfter  3 d-nr-.piiot ar.Jou  in  tlie  doy  : 

i;f fee Lf.  of  correclin:;  for  CSf  ;>rodi:clion  raLos.  Tho  CSi' 
r.aiiiplcii  v.’ere  pooled  info  hourly  iuLorw-ili; , nad  ciaLa  point:., 
rei’reaent;  mean  level  o for  Lluil  hour.  hoLh  curves  ai'c  fro:,i 
Lhe  sni.io.  rinir.'al,  and  serve  Lo  denon-sCrate  Lhat  as  the  CSI' 
secretion  rate  varie.s,  there  is  a subseejuont  concentration  or 
dilution  or  iaurt..  clianr^e.s  in.  secretion  rate  i or  (r.ot 

shown)  '..’ore  sir.iilar  to  that  shov;n  in  Fi?;vire  1 for  d-ar..pheta;viine . 
The  correction  (nj]/r.1  x nil/inin  CSF),  althcuph  only  a|)pro;-:it.’.ate 
and  confounded  to  so:;ic  extent  by  blood  presr.ure  var  i.at  i on;;  , 
still  .serves  to  derion.strate  tii.U  there  i .s  .an  effective 
increase  in  brain  output  of  Mlll’C  nearly  iriplinp,  after 
d-aniphe taniine . The  corrected  curve  is  also  valu.-ible  because 
it  relate;:  Lhe  CiiS  effects  very  nicely  to  the  variations 
in  CSF  production  (cerebral  blood  flcv;)  fn\d  arterial 
pressure  chaneo.s  after  the  drup,;  wiiereas  Lhir.  re  la  t ion.sh  i p 
would  not  be  app.arcnt  uslnp  tiie.  upper  curve  of  this  fiput'e 
v/Iuch  is  uncorrected  and  sitnply  reflects  pros.s  concentration 
per  ml  of  CSF.  Succinyl  clioline;  unanes  LhcL  i;:ed . 
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Figure  4A.  Clinrt  recortl  for  ci-c'intpheLatnlne.  From  the  top  clown,  the  traces  are 
end-ticial  CO2 , rectal  temperature,  arterial  pressure,  heart  rate  and 
EGG  (bipolar).  Note  the  pronounced  cardiovascular  oficcts  for  the 
d-isoiner  at  3 mg/kg,  i.v.  Substantial  heart  rate  increases  arc 
accompanied  by  left  ventr  icul.ar  arrythisias  ami  PVC ' s . Time  scale  is 
at  top  of  record:  downward  marks  are  10  sec.  intervals;  upward  marks 
are  1 sec.  intervals.  Succinyl  choliiur;  unanesthetir.ed. 
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Figure  /iH.  Detailed  example  of  myocardial  effects  for  d-amphetamine  (3 
jng/kg,  i,v.)  in  the  xinanesthetized  dog.  Note  that  five  separate 
ventricular  foci  arc  apparent,  resulting  in  a multi-focal  ventricular 
rhythm  characteristic  of  the  d-amphetamine  response.  Foci  = arrows. 
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Figure  5.  Cardiovascular  response  to  1-amplietami ne  (3  r.ig/k:',,  i.v.)  in 
Llie  unanesClietized  clog.  Compare  v/ith  fig.  AA,  and  note  tie  dir.iiui- 
sited  pressor  response,  diminislted  heart  rate  ctJ.fecLs  (pritiiarily 
arrythmla),  and  near  absence  of  FCC  effects  - only  an  occasional 
ventricular  focus.  Time  scale  as  in  fig.  AA. 
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Figure  6A.  The  acute  preparation.  This  record  depicts  the  sensitivity 
of  heart  rate  and  blood  pressure  ns  stress  indicators  in  this  pre- 
paration, while  also  indicating  tl'.e  very  stable  nature  of  the  dogs 
condition  \.’hen  the  appropriate  precautions  are  taken  to  eliciiiinte 
any  pain  or  discomfort  to  the  anii;-Jl.  The  tail  was  lightly  pinched 
at  the  arrow  on  the  heart  rate  channel.  The  sharp  spike  in  heart 
rate  preceding  this  is  electrical  .artifact  from  flushing  the  arter- 
ial catheter.  Note  that  flushin;.;  the  catlieter  is  unnoticed  bv  dog. 
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The  acute  clog  preparation. 

'iliis  record  demonstrates  the  alertness  ar.d  responsiveness 
dog  during  a centre]  period  prior  to  the  drug  adr.ii  n i s t ra  t ioi 
point  denoted  by  the  arrov;  tin-  dog  ’..-as  called  in  a moderate 
note  the  cntrer.iely  stable  heart  rate  p.--ior  to  this  at  much 
recorder  speed.  Luv;cr  channel  is  bipolar  hCG. 
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CSr  levels  o£  >i!lP(;  c'lfccr  cJ -a:..;)liet;ai:',Liie  j.v.)  in 

Lv;o  e;-;]'(!r  is.enta  I £iad  one  conLroi  nnii.nl.  These  data  arc 
corj'ected  for  volnne  clie.n^er,  in  CSF  production  rates,  and 
expressed  as  tlie  total  brain  Filit;  out  init /r.i  ;i . 

CSi'  levels  return 

to  ncar-baselinc  values  v;ithin  h hours  aft<r  ihe  drug.  Vie 
obr;crved  parallel  recoveries  in  CST  production  rates,  cerebra 
blood  £K>.7  and  systemic  arterial  pressure  in  similar 
ex;)criments.  Snccinyl  choline;  nnanesthet  1 xed . 


Chro;'.  i c I’rir.iaLi'  SLu.lics: 


o^'  'MtiIui'".  i n.  '.•'0  I'.’.vc'  co;i-.p  ] '..t  cd  a acrit-;- 

of  cl'.L'oiiic  pri;:.Uo  u:d  i i , i.siii;  on.:  prcviouoJy  dcvi- 1 op<  u Mvdol,  in 
whioii  v;e  liavo  fo!  lov.’i’d  i.l.c  pirtahicL  i on  of  CSf  ovor  24  hour  pori.ods. 

Krcnn  th.cr.C’  data  v;c  liavo  heoii  able  L1.1  ilcLc-riainc  tl'ab  Lhoru  i a i’cacrul 
tread  in  Llio  procinc i on  of.  (iSF,  which  K'jo:r;s  Lo  foliov.’  Lhu  daily  activ- 
ity i\'U  Liras  to  :;o;i'c  c.xtcnL.  iiic  is.s  i !'■  i 1 i f.y  ixi..Ls  that  thi  so  pat.- 
Liri.s  ri.‘f  K-cb  chaii.u  a''  in  br.aiii  hioo.l  flov;  and  neuron;.;!  activity.  This 
conclusion  it  l)-.tea  on  Liu:  cnronic  :'luaict  in  do/,s  in  ’..’liicb.  Lucst;  var- 
iahic.t  were  \;cll  correlated,  and  will  be  pursued  further  in  Llie  dis- 
cussion secLirai  of  tliit;  reporf  . 

Fij'ure.s  d - 10  provide  suir.-rary  i nf ormt i on  of  the  diurnal  pro- 
duction rates  for  t.S  'i'iicrv:  seer.is  to  he  t'.arkcd  differences  between 
ti.e  individual  i.ionlteys  in  terr.s  of  tl.e  alnsolute  values  (ml/'.ir). 

The  sur.ples  tro;.i  one  24  l.r  period  were  anal;, red  for  .’iill’C,  ar.d 
tliesc  data  are  tlio'..’n  in  Fi;’:.  11.  V.’e  did  not  cathe.terix.e  these  anit'.als 

because  .at  tl.e  tir.;e  the  expirr  i r.ients  '..'ere  conducted,  we  v;ere  uncertain 
rei'.arding  the  future  ava.I.  J al^i  1 i ty  of  monkeys  lor  tin's  work.  Cardio- 
va.scular  d^.La  ..’ill  be  obtained  in  iuture  c:-;;)er i ments . 


Anes  tile  titled  Dog  studies: 

(ierebral  hlnod.  F_lcv.'.  We  found  tluat  d-air;)liet  ami  ne  i c-xtre:.  e 1 y 
effective  at  increasing  eert'iiral  blood  flow  (Fig.  12,  lb).  .41  the  same 
do.s.'.ge.''.  u.sed  in  the.  other  exper  i :;.c-n  tt  , fnerc  i .s  ..a  ir.itJ:i!  tliri'e-fold 
increase  in  cerebral  blood  flov;  (liiti').  Althoir  h d-r.Mphela:..i  ne  also 
increases  tue  niood  ’pres.surc  tremendously,  we  i.a  re  able  to  siiow  th.'.  t 
the  effect  on  CDF  is  independent  of  pressure  and  is  sor.-'.'.ow  related 
to  the  basic  ; echanisv.i  of  actioit  cf  av.-.p'.ietunirie  i':i  the  C'.  iS.  Two  -pos- 
sible r.jchnnit.m ; of  acLiou  will  be  presented  in  tl.e.  discursiou  rec- 
tlou  of  this  report. 


Correlated  with  the  anpltetanine  Incrca.sc  i 11  ChF,  there  is  an 
increasi!  in  total  r.-.ctabolic  rate,  and  prosui.mh ] y CIS  i.:etabolic  rate  as 
well  - wl,  ich  we  v.’ill  examine  in  future  e.x))crir.-.v;nt.<; . 'l!ie  increase  in 
Ci’.F  and  motaholic  rate,  is  much  Ics.s  vn  th  the  I-  than  the  d-iso;n<.‘r.  Ko 
oh; C’^ved  o.ie  erpi;r i hiCiit  v.'ith  no  change  in  CBF  aftir  3 i..g/i;g  of  1-amphot. 
We  \/Lll  he  conducting  similar  expe-r  i inciiLs  on  prir.-itcs  in  the  future. 
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CSF 
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Diurnal  CSF  produccion  variations  in  prinntc  J-215. 

CSF  vas  collecUcd  hourly  at  constant  outflow  pressure 
(-3cia  with  lespcct  to  the  i nterauui tory  zero  plane; 
in  the  refrigeratca  fraction  collector.  Tliere  is  a trend 
to  increased  voluc'.es  during  the  day,  especially  in  the 
evening,  at  which  times  activity  is  also  increased.  Sr.Tall 
triangles  indicate  the  tine  au  v/hich  the  monkey  is  fed. 

At  all  other  times  the  booth  door  is  closed  and  the  monkey 
undisturbed.  Some  of  the  time  from  0800-1400  hours  is 
usually  spent  lightly  dozing,  with  activity  (not  sliown) 
increasing  in  the  evening  until  1900  hours. 


Figi-Tc  9 
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Diurnal  CSF  production  variations  in  primtc  M-275. 
A sinilar  trend  to  that  in  J-215  is  seen  in  this 
ir.onkcy.  Triangles  represent  feeding;  at  all  other 
tir.:es  tl'.e  booth  door  is  closed.  On  son'.e  day.s  a 
conplcte  24  hour  canple  \;as  not  obtained  due  to 
catheter  blockage,  hliencver  t'nis  occurred,  the  cat 
\;as  flur.l'.cd  '..’ith.  sterile  ringers  .soluticn  and  the  c 
started  again. 


l.eter 
1 1 . 
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rif^urc  iO,  i/j '.It  iial  CSr  )n;  uuuci  i.on  vr  r ia  L iui'.s  in  priiaait:  t.-13'j. 

'i'iif:  Li'ci.d  Lo  ;i  tlisl-iac't  diurnal  variation  :r.crf  l 
.'i))i)a rrnt  in  a fiinglc  2-'t  liour  period,  In  which  Llic  j>rcatrot 
volunK'S  of  Ciif  were  also  coilocted.  Wo.  suspect  chat  tl.i.s 
iiuUc.'iCes  lack  of  any  tosiporary  block.a,;e  or  e.'.theter 
coMpress  ion  for  this  period,. ‘iO  that  reprcstni.a  t i on  ot 
true  Jiurn.al  iluctuations  \/ould  be  nose  pro'.’ouncttd  for 
thi.',  one  day.  Sini  lar  treiid.s  ho.,’eVer  can  be  sci.-n  in 
tile  other  24  hour  periods  but  they  are  not  so  distinct. 
Collection  techniques  as  in  Figure  b and  9.  Triangles 
repre.sent  feeding. 
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rigurc  1!.  DiurnaJ  variaLions  in  CSF  '■.n’G  li-vols  in  priirato  .1-215. 

Ilorc  v.'c!  hnvt^  ])ioLLc.d  Lhc  .s  ji  .'il  laut-on;;  Cd!'  jirtainc I i on  rati  s .Mni 
llHl’G  l<vnl.‘i  In  Lhc  sar.m  CSl’  s.imnlc.  I'l’r  coi.  para  Li  vc  purporo.s 
v.'e  hart-  shov/n  the  uncorrcc  t od  and  corrected  MIl’C  Ua'cIs.  In 
Lhia  instance  the  correction  I'cr  CSF  volvr.re.  prodneed  leiids 
to  r:a;-,iiiry  the  diurnal  variationt:  in  central  MilFG  output. 

'iiicre  in  an  observable  positive  correlation  here  lietv.’oen 
the  CSl'  secretion  rates  and  MHl-’C  levels.  Hie  hoariy  samples 
wi-.re  pooled  into  two-hour  intervalf.  prior  to  aaaly..is  for 
I-UIl’Ci,  .and  the  data  arc.  plotted  at  tlu'  i.iid-point  of  c.ich  t\.’o-hoi: 
intcrv.i  i . 
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!.ip,i;rc  12.  T'.ic  Ci‘'rC'.I>ral  blood  flow  preparation  for  the  el'll'..  ..\n 

ontflov/  cannula  is  iu.sorti-d  into  the  coiif  liun:i  of  the 
cerebral  vinious  Eimioes  throujih  a hole  clrilUd  lu  the 
cranial  -.lidliiii;  below  the  i.xternai  occipital  protuberance  , 

Ihe  lateral  cere!)ral  venouE  sinurea  are  occlueh-d  by  i'.tjection 
of  a t.’ax  with  a rieltint;  point  ol  50^’c.  'ii,f  cerebral  veiu  ua 
CHitflc>t;  passes  Lhrcu.h  an  extracorporeal  fl.  . proi)ei  (C^-roliiiu 
Hoeiical)  anel  them  into  a icveirvoir  with  a 1 1 ve  1 -sens  in., 
device  v.’hich  controls  the  roteru  pump.  Cerebral  venous 
pres'.sure  is  cor.tre>l  led  hy  adjusLitig  ih'c  hydrostatic  level 
of  tile  out)  lot.'  tube  o.icninr,  with  mspiicl  to  the  int  erauu  i Lory 
Zero  pliinc.  blood  is  I'etcrr.ed  throui^h  the  e.'.lernal  ji.p.ular 
vein. 
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rij^urt'  13.  lUCc'cL.s  of  d-ai.,p!n.;t.arin‘n(.‘.  (3  ng/kg  i.v. ) (.ii  cc-rcLral  blc’Od 

£ low  and  arCorial  pressure  iu  Che  ancr.  I.Ik  Ui  zed  dor;  (k'a  I’enlo- 

i>vi  4.  IX  j •.»  X ^ \ > / • k7 V'  f • v»  1 X »-4^oi  1.  I J c.  pCJ  J n 1.  S C«  I*i‘  Cl  '-‘-’.I'Ol  1 5 L ^ »I  L c.c* 

in  tills  I'i.gurt  ; noLc  lliat  Llie  arLerlal  pivai.ure  is  in  advan- 
ce of  increases  in  cerebral  blood  flov.’  (r,!3F)  and  end-^idal 
CO2  e.lian^es.  Vsi'e  sug<;e.s£  two  jiossible  :r.ech.'inis;':;s  for  Lhc 
ain|dietamine  effect.  One  possibility  is  i-hat  Metabolic  changes 
in  tbe  tissue,  stimulated  by  the  drue,,  establish  conditions 
that  require  increased  blood  flov;.  Tiie  other  is  that  the 
dru^  enerts  a direct  effect  on  the  cerebral  vasculature,  aciinr; 
ns  a vasoactive  hormone,  or  stir.iuiatin;;  the  release  of  cate- 
cholamines from  nerve  tcriuinals  in  tlie  vessels  Llior.'.se  Ives . 

In  order  to  cli'arly  separate  the  increa.sed  blood  flow  effects 
fj’om  the  pressure  effects  (^since  there  is  no  need  to  post- 
ulate au  active  jirocess  v.’hen  there  are  ’arj;e.  increases  in 
pressure  that  ir.-.y  override  the  autorepula lory  nature  of  the 
cerebral  vascular  beJ^  sufficieut  bloi'd  v.as  rrmoved  (150  cc) 
to  brin;^;  arterial  pressure  back  to  tbe.  coutroJ  level.  Ci'.K 
remained  elevated  in  spite  of  this,  shewing  somethin'.;  that 
Vv’as  not  knovai  before  - na:  ely  that  a:  phetamine  has  a direct 
effect  on  Cl,!'.  \'e.it  i la  t ' 1.  n vras  fixed  l)y  the  respirator,  and 
the  increased  end-tidal  c:02  from  5 - 0'/,  represents  increased 
metabolic  production  of  CO2  by  the  doj;. 
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Am';;  thfL ’■  I)o[;  SLuJiC'c: 

VctiL i c”  1 o-C  i Lcrnn  1 IV' r f ' cn  . IVin,;  tl.e  prc'p.-'.r.'i  tion  dtpicLed  in 

Fir.*  i!-'>vc‘  . oiir.u  iIi.tl  d -n:;ipht;  Larin  nc  dccreasci;  Liar  pcrnica’.ji  li  L;/  cf 

the  Mood-brain  b.arricr  lo  ch  Icr  Ida , acutoly,  altar  tl.a  dm;  (i’iy.  15). 
'ihoso  d<.cr--'.isca  i pcrr.ii'ab  i 1 i t y to  cMc.ridi'  i.ray  be  related  to  tlie  irarta- 
bOiic  el'i’i-ct.i  ol  u-a;:iphntnr,iine,  since  similar  elianre..  are  observed  fol- 
lov.’inr;  ventilation  v/ith  10, {,  CO;  . So  Ion:;  as  the  chloride  iierreal, i 1 i 1 y 
is  decreased,  \.’e  teel.  that  tliis  indicates  tlie  intor-.rity  ot  the  iilood- 
brain  barrier  during  tb.e  period  imnred  lately  rollca/in:',  the  Jru,;.  There 
is.  }',ood  a .reerrieiit  bet'.;ecn  the  dilution  i.'o.'isurcment.s  of  CSF  production 
and  the  r.ates  es t I u ntcd  volui.ietrically  in  tiioso  exper  i -.r.ents  , 

I'.'i- i 'her.T  1 r i rc-il  atorv  Studies.  Using  the  r ig.l'.t-lu-.'irt  bypass  prep- 
ar,.tion  in  Fig.  1 , '.'.-e  touud  that  I'leripherai  dopamine  reie.r,sc  is  fairly 

siuilar  in  effects  to  t’r.e  adr.iini -s  tra  t ioit  C'f  d-ar.rpheta:.ii  ne  observed  in 
(die  other  er.pcr i 1 vnts  described  previously.  Dopariint.'  ininsion  resulted 
in  s i giii  f lean  t ly  increased  arterial  pressure,  puli.ionary  artery  pres- 
sure (not  slio'.tn),  r.can  cystomie  pres.sure  and  venous  return  (or  cardiac 
output,  since  the  t'.ro  are  ci'iual  in  the  steady  state).  Jt  is  clear  tliat 
dopatsine  t.cts  [leri  plicra  ily  to  increase  cardiac  outinit,  iiicre.ase  venous 
tone,  and  iiobiliae  blood  jiooled  in  the  splanchnic  bed.  In  future  e;:- 
jierir.ents  v.'e  v I 1 1 infuse  othei;  cateciiola.nii  lu-s , and  then  administer 
tlie  drup.s  under  i nvc..s  ti'.;r.L  ion . Iliock  in,",  dnp’.s  v.'cre  not  used  in  t'.iese 
fir.t  cliree  experi r.cnts  vitli  dcipaminc,  but  wc  will  incorporate  the:.;  in 
tin  future  exper i;r.anLr> . 


uisauisioi: 

TVo  iindinp.s  vo’nLcd  to  tb.c  d-amphetami ne  rt-sponse  sunu-.ru* i e the 
most  ii.rpt  riant  aspects  of  the  work  in  this  report:  Fir.it,  tliere  is  a 

clear  difference  bet'..'ecn  the  d-  and  l-isoir.ers  in  tin.  Ir  p'eriphcral 
and  centr.il  eflecls  at  the  same  do.‘;agc  level.  'ilii.s  is  t;viJe;iced  by 
till;  c i rce  1 -it-ory  v..rialilcs,  and  by  the  prc>noune*'J  t;levai  ioc.  of  CM5  levels 
of  IIjIFG  by  li.e  d-i  so:;;er . Altliougli  we  did  not  present  data  for  Mdi'C 
in  rerntei  to  the  1- i sotiier , tbo  calculations  which  are  currently  undcr- 
w.iy  indica.li'  a co.tsidcrabl  y diminished  rcspotise  by  coiir.-ar  isou . 

'Jhe  second  f i !,  .1  ■lig.j  that  d-arciphot.irri  re  exerts  a direct  effect  on 
CbF..  is  ir.,portant.  i<eeau..e  it  deMOnsirates  the  vajue  c>f  (.f.i’'  as  an  index 
of  br.aiii  r.ctaliol  ic  activity  and  e:;plai;is  llu;  observed  incre.ises  i ,i  CSF 
jirod'jction  rates  alter  cl-asiphetamiiu- . This  is  strongly  supportive  of 
tlie  hypi.'l hes  i s tliat  tlie  observed  incre;ise.s  in  Mlll'G  do  in  lact  rcl'lcct 
activation  of  specific  neui'on.al  populations  in  the  CHS,  *md  further 
that  thei’e  are  several  indirect  ways  in  whicli  to  measure  tb.c  de^,rec 
oi  activuLion,  i.e.,  CbF  and  CSF  production  rates.  This  information 
will  be  most  tueiul  intiio  interpretation  of  data  from  the  chronic 
prim.'itc  studies,  and  serves  to  validate  the  present  series  of  experi- 
r.er.ts . U'e  were  itiprossed  with  the  i.ngni  Lude.  of  the  change  in  CSF 
MIIFC  lev»:l.s,  and  thi’  close  correlation  of  this  with  .similar  changes 
in  arterial  pressure,  cerebral  blood  Ilow  and  CSF  production  rates. 
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rif,urc  14.  The  vciiti-j.culo-cisfci'nal  perfusion  Lecimiquo  in  Lhe 
i1)C’  inner-/  nrod  I r-  is  nl.-.r’/.fl  ip  Mir-  opr,.,  i_i.o 
lat.er.il  venlricJc  (il)  near  Llie  posterior  licni.  'i  i e 
out.flov/  c,al.in.:ler  is  placocl  in  the  ci.sLerna  i.'a'jna 
At  Live  terinlnation  of  the  porf-a.sioa,  j'rypau  blue  dye  is 
perfused  Lhroiigh  the  system,  and  Live  re:',ions  actually 
perfused  (shaded  area),  and  cathetci'  placements,  visually 
confirmed  at  autopsy.  Anterior  is  to  loft. 


,1 
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Fi'j.urc;  13.  Cf.i  prodiicLion  rales  and  chloride  uernoah i 1 i ly  of  the  hlcotl- 
hi'iiiii  Ip.iLj.it;.'  .iLn.-r  d-.ii  ijlielaiiiluL: , 3 tio/i'-v;  i.e.  iLt  Je  ) > 
in  aiies  tl’.el:  i me  dogs  (*Ca  penlohari)  i t.a  1 , 35  mg/h;').  'llutic 
data  rt.pilecl  M’.e  iransioni  lospoasc  lo  ihe  dru;;..  Chlorii.e 
(solid  line)  v;as  moving  lro:n  CdF  lo  blood,  and  CSF  produclioa 
(dashed  line)  v;.as  csti  r,-'itc.d  from  l.he  ^^C-inulin  diliilion 
method  in  liie  ventr  icul  o-ci  s terna  1 i-erfu.s  i on  syrlem.  Vne 
liermoabi  lily  to  chloride  (^^'Cl~)  is  inversely  I'elaicd  to  the 
secretion  of  CSl’,  and  brain  blood  flow  from  j>ievion.s  figs. 


Tij^urc  16.  'i'iic  ri  [^liL-hcari:  bypasr.  proparnt:  i o.i . Hiock  doLa  I'tpri  ..cnL 

p)'cr.si:rc  riaasiircuunts . Ib\-rig!it:  aLi-ju:a;  I’A-puluoii;u  y .-.rt  ory; 
CA-caroticl  arLcry;  and  FA-  fcraoral  arury.  "i  lu  .'ilntAinp 
rtaitlor  s;as  ir.anually  raised  or  lov;ereu  Lo  I;eep  1'^^^^  constant.. 


rn  ;ri 
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Figure  17.  Flfccts  of  jH-riphcrul  clopaTiine  relo.isc-  cn  ll.e  c ircu  la  t. ;' on . 
; A.  Arterial  j'lessuro.  'Ihe  systolic  pressure  is  rcpre.scn Le-d 

I by  the  broken  line  and  diastolic  b>  the  solid. 

Venous  return  (cardiac  output).  11. ere  is  a .s  igni  1‘ i c;  it 
inci'ense  in  vitious  return  v.’ith  dopai.ii  ne . 

I C.  Mean  systc:..ic  pres.sure  (.’ISF).  l'0|M:.une  incre.ises  central 

j venous  pros.sure,  prc;.su;r.  ib  I y by  constricting  tin; 

I .spli'inchnic  bed  of  the  circulation.  his  is  tlie 

isecl.ani  s:n  lor  the  increas»:d  venous  return. 

Vertic.nl  bar.s  reprer.ent  il.e  95'  confidence  lis’.iis  for  tie 
I I’lCan  values  lro:.i  S separate  exper  iru-nts. 

I 

i 

I 
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1\'L  i I ' :'a '-■■’■ul  ' ' I’!'  (.i-.\r.o6t.-‘:nir:iu.-  on  ri’.". 

ir  .I-ar  .iil.va.i:-.'!  ne  c!oc-.,  uyt  a.ct  Lo  rclc'ir'.e  vayoac..  ;vo  hor::  oa^.s 
i'ru.,1  iK':'\'o  i';uii;v,r-  in  ! !io  cerebral  vc5;.s-.  1 walls,  i!  -.ray  ac',: 

throii;,!.  an  i.’alirict  ::;et.ai'>o].  ic  iiiecbani  sr.'.  For  oxar.y ! r. , il  Ll.e  in- 
crease;! r.enronaJ  .-'.ctivit-y  wc’fe  nccoirnaniej  by  a s i ;,.u  1 1 ancor.  ; incr- 
ease in  111.  liewinu  fur  oxygen  and  a bniidiip  of  ac' d-  'eta’aoLire.-  iron 
collnl.  r respiia.  Lien , chon  tiiere  would  be  selective,  local  c'aan^’cs 
in  Cerelu-al  blood  flo’.'  to  tlicsc  tissue  re-ions.  We  Inave  obseveed 
r.nil.,1'  p ‘oiound  increases  in  cere':.r;’.l  Mood  llcw,  and  these  increase 
arc  1 er  ly  slw.il.ar  to  Liiosc  produced  by  ventiiation  v.’i  tli  vas 

wlMures  coatainin);  lUi,  CO-j  . We  would  expect  the  CUc-  effect  to  be 
a more  ;.;enera  ] i xed  pbenoinencu , wit,,  more  even  increases  in  flc’,'  to 
diffeient  neural  rep^ions.  For  that  niatter  it  is  not  eran  'r.nuwn 
just  how  CC;  can  do  Lliis.  if  ai.iphe tami r.e  acts  to  release  nurcpl- 
ncjihrine  frc':.;  nerve  endlnf’S  in  cerebral  vessels,  t'.is  release  could 
eitlu-r  be  direct  or  trisjgercai  by  the  meta'nolic  nreduttion  c:  C j;  in 
the  ceLchral  tissues.  We  leel  tiiut  it  is  ir.upor  tan:,  to  d i s t inyiii  sh 
Letwe-en  these  alternatives  in  order  to  describe  the  total  drui^ 

effect . 


and  CChChUbi  OMS 

in  - following,  i-xne.r  i nicnts  v/ere  conducted  or.  don-  acute]  v to 
study  Lne  effects  of  d-  and  i-an'.phutaniinc  on  CSF  nev.r  ocluswi  c„ . and 
cardiova.'icular  y.ar.  tr.etcrs  : 


d-auphetaih  !ic 

(3 

1113/ I'b) 

J-23.1,  .:-2715, 
J-2  832,  .;-2  9-b9 

J-27i(, 

1 -ai.iphetamine 

(3 

inp./ki;) 

J-2712,  .1-2S56, 

J-2912 

Control 

J-2764,  J-27S7, 
J-2397 

J-2838 

Th.’  follow!, r-  experiments  were  conducted  usinj}  the  rie;hL 
heart  bypass  to  study  the  peripiicrai  circulation; 


J-KHS7 

J-21/0 

.1-2176 

Vne  followin^j  experinents  were  conducted  on  do,;s  acutely  to 
detcrninc  Chloride  pen.ieal) i 1 i ty  ot  the  blood-brain  harrier  after 
d-at.ipli('Lamine : 

J-19M 

.1-1973 

The  'Ihe  followini’,  e.xper iiuents  were  conducted  on  do<;s  to  determine 
eflecL.s  of  aiiiph<‘tanii  lies  on  (iliF: 
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V.V'  c.incluiic  tiiat-  thf  c.’-nr.!)ho.Lai.ii.uC'  isi.'ir.cr  i';  ii’ii  i f i cai.i  1 •/  i..oru 
potent  Mum  i he  l-isoi.icr  in  a nnniber  of  different-  i>hys  io  I li  • ic  syr  t v ■■.u  . 
liie  diflerencos  n.jipenr  to  be  both  cjualit.Live  and  (paant  i tn  t i vi  . :hi. 
next  pliase  of  our  utndy  of  aii'.pheta'T’.inos  v;i  i 1 be  to  deter.aine  d.isc- 
^ r e.aponr.e  i e ] a l i jiu.b  i p.-. , nnd  to  continue  the  studiea  in  tlu  irtacl  ;ij:.;te 
inouei  and  t'ae  acute  doy  :.;odcl. 

l.i  tcra  tui~(-  C i t(.d 

Drin”,  bniitii  ar.d  U.T.  V.'illiai.ir.  T!:e  fate  of  a:  i at.i  ue 

in  r.'.an  and  oMier  n.aiu.'.ala.  J_.  I’ha  ri  lac.i  1 . ] .’■da  02 -aO  i , 

Rapela,  C-H.  and  II. D.  Green.  .‘•.utore.Guiation  of  Canine  Cerebral  bio.  ’ 
I'lov.  Circ.  Kn;.  15:205-211,  196.';. 
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